Abstract. In this paper, the sandwich panel theory of honeycomb sandwich panel is applied to the finite element model of solar wing veneer. The equivalent mechanical parameters are extracted by its equivalent calculation equation, and then the model of solar wing veneer is completed by applying specific boundary conditions. The dynamic analysis of the solar wing veneer structure is carried out, and the first 5 order modal frequencies and their vibration nephogram are obtained. The modal frequency and mode shape of the test are obtained by modal test of the solar wing veneer. Comparing the simulation results with the experimental results, it is found that the first five-order modal frequency error is less than 11 %, and the simulation results are in good agreement with the experimental results. The results show that the equivalent accuracy of sandwich panel theory is very high, and the design and analysis time can be saved in the allowable calculation error range, which provides important support and reference for the honeycomb structure design of solar wing.
Introduction
Honeycomb sandwich plate is a kind of multi-purpose structural material with a wide range of applications, and the hexagonal aluminum honeycomb sandwich panel with complex geometry is the most common honeycomb sandwich panel. Due to the high specific strength, specific stiffness and good thermal isolation and impact resistance, fatigue resistance, the advantages of honeycomb sandwich structure is widely used in aerospace, shipbuilding, transportation, construction and other areas [1] [2] . Based on its good mechanical properties and the characteristics of lose weight easily, some satellite almost all the main load-bearing structure consists of honeycomb sandwich plate structure, under normal circumstances, the honeycomb structure quality can be 80-90% of the whole satellite board structure. Current engineering software, such as ABAQUS, Nastran and other cellular structure unit, so in containing complex structure of the honeycomb sandwich plate can only be used when numerical analysis of three-dimensional entity model or equivalent plate model [3] .The calculation precision of the 3d solid model is high, but the calculation is huge. The equivalent plate model is small in calculation and widely used. At present, the equivalent plate model of honeycomb sandwich plate has sandwich panel theory model, equivalent plate theory model, honeycomb plate theory model, etc. At present, plenty of research results show that, in the numerical simulation, sandwich plate theory has the highest equivalent precision, which is in good agreement with the original model [4] [5] . If the results compared with the test results to verify that is the equivalent of a more scientific and reliable, dynamics calculation for honeycomb sandwich plate component containing the choice of the equivalent plate model is of great significance.
In this paper, the theoretical equivalent model of sandwich panel with uniform wall thickness positive hexagonal aluminum honeycomb sandwich panel is summarized. Then, the model is simulated with sandwich plate and the results of modal analysis are obtained. The modal analysis of the solar wing single board was carried out, and the modal analysis results were obtained. Finally, the simulation results of the equivalent model are compared with the experimental results.
Sandwich Theory Equivalent
Honeycomb sandwich panels are usually composed of upper, lower mono cortical layers and the honeycomb core layer in the middle. The hexagonal honeycomb is widely used because of its advantages of simple manufacturing, high efficiency and high structure efficiency. In this paper, the simplified plate model of the normal hexagonal aluminum honeycomb sandwich panel with uniform wall thickness is studied, as shown in figure 1 . Figure 2 is the geometric parameters of honeycomb sandwich panel. In the figure, a is the plate length of honeycomb sandwich panel; b is plate width; f h is the upper and lower plate thickness; c h is the core layer thickness; t is honeycomb core wall thickness; L is the side length. 
Introduction to Sandwich Theory
Sandwiches sandwich plate theory is only a method of equivalent of honeycomb core layer, assuming that core layer can resist transverse shear deformation and has a certain in-plane stiffness, upper and lower cortex obey Kirchhoff assumption, ignoring its ability to resist transverse shear stress, the honeycomb core layer can be equivalent to a uniform thickness unchanged orthogonal layer [6] [7] [8] [9] [10] . This paper only discusses the hexagonal honeycomb, so the equivalent material parameters of the core layer are: 
In the equation, , , , E P   are elastic modulus, shear modulus, density and Poisson ratio, in which the angular standard s is the elastic parameter of honeycomb core layer, and the Angle symbol c is the elastic parameter of the equivalent core layer.  is the correction coefficient, generally 0.4-0.6, t , L is the same as the above.
Parameter Extraction of the Equivalent Model
According to the given mechanical parameters and size parameters of the wing veneer as shown in table 1, using the equivalent parameter calculation equation (1), and the total quality of sandwich plate unchanged, can get the core layer of the equivalent parameters, as shown in table 2. While the border and panel parameters are consistent with the original model, modeling and simulation analysis are conducted accordingly.
In order to simplify the calculation, in the finite element analysis software, the homogenization constant thickness of the glass steel panel was replaced by the isotropic layer. In the modeling process of the panel, use the MSC.NASTRAN to define the layering of the upper and lower glass steel panel structure and the core layer orthogonal layer structure using PCOMPG card. 
Modal Analysis of the Equivalent Theoretical Model is Compared with the Experiment
If the natural frequency of the mechanical structure is consistent with the frequency of the external excitation, the resonance phenomenon will occur, resulting in excessive deformation and even failure of the mechanical structure. Modal analysis of the goal is to identify the system natural frequency, modal frequencies, especially the fundamental frequency can better reflect the inherent nature of the mechanical structure, so the results of modal analysis could well reflect the dynamic performance of mechanical structure [11] .
Modal Analysis of the Equivalent Theoretical Model
According to the actual project situation, the solar wing single board includes the locking device connection between the frame, the core layer, the upper and lower panel and the single plate. The four corners are usually fixed by hinges, so there are four fixed methods in the actual simulation and experiment. According to the equivalent parameters in table 2, the finite element modeling of sandwich plate theory can be completed.
Modal analysis of the equivalent finite element model is carried out to obtain the first five order frequency and vibration mode as shown in table 3. The equivalent model of the first two -second vibration type cloud map is shown in figure 4 : 
Modal Test of the Solar Wing Single Board
The LMS modal test equipment is used to conduct modal test on the solar wing single board, including data acquisition system, force hammer, sensor and cable. The arrangement of the actual measuring points and the connection of the sensor installation are shown in figure 5 . The position of the hammer with the hammer is located near the measuring point near the center of the single board. Each measure point has three degrees of freedom. The sensor adopts 4524-b acceleration sensor with a sensitivity of 100mv/g. In order to protect the product, we will paste the 3M adhesive tape on the product. In the experiment, the single plate of the solar wing is pressed tightly on the fixture, and the fixture is fixed by the rigid platform of the bolt, and the veneer is at the horizontal state and up. The sensor port connects the cable to the signal output, and the other end of the cable is connected with the acquisition system, and the output signal of the acquisition system is sent to the PC side for data processing. Its fixed state is shown in figure 6 . The experimental results are shown in table 4. The equivalent model of the first two -second vibration type cloud map is shown in figure 7 . 
Results Contrast
According to the simulation results and experimental results of the previous chapters, the corresponding situations of modal frequencies and modes can be obtained by comparison. The frequency errors of each order are shown in figure 8 . Equivalent model of each order frequency simulation results compared with the experiment, and the fundamental frequency error is 0.1%, in the first five order modal error minimum, the maximum error of the fifth order frequency, frequency error is within 11% 10.7% for each order. Through the contrast of the first two order modes, found that the vibration mode of the simulation and experimental results are basically identical, the first order are model overall positive vibration along the Z axis, the second order for the model about side along the Z axis to the vibration.
Conclusion
Based on sandwich equivalent sandwich plate theory modal simulation analysis of the model, and using LMS modal test equipment for the wing veneer physical modal experiment, and the simulation and experimental results of the first five frequencies to get the our order frequency error is within 11%; fundamental frequency error is 0.1%, the equivalent is ideal, precision is higher. Through the comparison of the first two modes, the simulation results are basically consistent with the experimental results. It is shown that the theory of sandwich plate equivalent theory can be used to simulate the dynamic performance of the original model, greatly simplify the design time and save research and manufacturing cost. It has important reference and guiding significance for the analysis and design of the structure of the solar wing honeycomb board.
